Background Research into which medications contribute to polypharmacy and the variability in these medications across long-term care facilities (LTCFs) has been minimal. Objective Our objective was to investigate which medications were more prevalent among residents with polypharmacy and to determine the variability in prescribing of these medications across LTCFs. Methods This was a cross-sectional study of 27 LTCFs in regional and rural Victoria, Australia. An audit of the medication charts and medical records of 754 residents was performed in May 2015. Polypharmacy was defined as nine or more regular medications. Logistic regression was performed to determine the association between medications and resident characteristics with polypharmacy. Analyses were adjusted for age, sex and Charlson's comorbidity index. Variability in the use of the ten most prevalent medication classes was explored using funnel plots. Characteristics of LTCFs with low (\ 30%), moderate (30-49%) and high (C 50%) polypharmacy prevalence were compared. Results Polypharmacy was observed in 272 (36%) residents. In adjusted analyses, each of the top ten most prevalent medication classes, with the exception of antipsychotics, were associated with polypharmacy. Between 7 and 23% of LTCFs fell outside the 95% control limits for each of the ten most prevalent medications. LTCFs with C 50% polypharmacy prevalence were predominately smaller. Conclusion Polypharmacy was associated with nine of the ten most prevalent medication classes. There was greater than fourfold variability in nine of the ten most prevalent medications across LTCFs. Further studies are needed to investigate the clinical appropriateness of the variability in polypharmacy.
Introduction
Polypharmacy is highly prevalent in long-term care facilities (LTCFs) and presents considerable challenges to residents, clinicians and aged care providers [1, 2] . The use of five, nine and ten medications has been reported in up to 91, 74 and 65% of residents of LTCFs internationally, respectively [3] . The prevalence varies considerably between facilities and geographical locations [3] [4] [5] . The harms associated with polypharmacy in LTCFs include adverse drug events (ADEs), drug-drug interactions, geriatric syndromes and hospitalizations [6, 7] . Consideration of which medications contribute to polypharmacy is important in residents of LTCFs, who are often older, frailer and more susceptible to the harms associated with polypharmacy than are those living in the community [8, 9] .
In a recent systematic review on the prevalence of polypharmacy in LTCFs [3] , only one of 26 studies reported the prevalence of medications separately for residents with polypharmacy [5] . This large cross-sectional Canadian study of 589 LTCFs used prescription claims data to determine the most prevalent medication classes taken by residents who received nine or more medications [5] . The most prevalent medication classes taken by residents receiving nine or more medications included diuretics (68.2%), proton-pump inhibitors (54.8%), angiotensinconverting enzyme inhibitors (51.7%) and beta-blockers (43.2%) [5] .
The Australian Commission on Safety and Quality in Health Care (ACSQHC) has highlighted the importance of understanding unwarranted variation in healthcare [10, 11] . Although some variation in prescribing is justified due to differences in healthcare needs of specific populations, unwarranted variation may reflect suboptimal care [10] . Unwarranted variability may result from differences in clinician practices and access to healthcare services [10] . While variability in polypharmacy and the prevalence of specific medications is not always inappropriate, knowledge about unwarranted and unexplained variability may help target services that provide an individualized approach to improve safety and effectiveness. An individualized approach is recommended to assess the appropriateness and risk versus benefit of each medication [12] . A better understanding of variability in prescribing practices is necessary to inform initiatives to improve the quality and appropriateness of medication use in LTCFs. The ACSQHC has identified variability in prescribing of antipsychotics and opioids [10, 11] . Considerable variability in the prevalence of polypharmacy has also been reported, but few studies have investigated the variability in polypharmacy and prescribing of prevalent medication classes across LTCFs [13] [14] [15] [16] . Prescriber-and facilitylevel factors, including organizational culture, bed size and staffing levels, have been associated with variability in antipsychotic use in LTCFs [13] [14] [15] [16] .
The objective of this study was to investigate which medications are more prevalent among residents with polypharmacy and the variability in the prevalence of these medications across LTCFs.
Methods

Study Design, Setting and Participants
A cross-sectional audit of medication charts and medical records from all residents at 27 LTCFs in regional and rural Victoria, Australia, was performed in May 2015. An LTCF, synonymous with the term 'nursing home' or residential aged care facility, provides supported accommodation for people requiring functional support and nursing care [17, 18] . Regional and rural areas in Victoria include regions outside the metropolitan Melbourne as defined by Regional Development Victoria [19] . Metropolitan regions include major capital cities and surrounding suburbs, regional areas include cities and towns outside of the metropolitan region, and rural areas include smaller towns in the remainder of the state. In Australian LTCFs, medication is typically prescribed by general practitioners (GPs), dispensed by community pharmacies external to the LTCFs and administered by registered nurses, enrolled nurses or care workers in accordance with local state or territory regulations [20] . All LTCFs from four health services were selected for inclusion in the study.
Data Collection
Members of the research team (n = 4) collected de-identified data from hardcopy or electronic medication charts and medical records of all residents in each LTCF. A standardized data collection tool was used to extract resident demographics, medical diagnoses and medication information. Demographic and clinical information included each resident's age, sex, medical diagnoses and length of stay. Data were extracted on diagnoses included in the Charlson comorbidity index (CCI) as well as history of falls, pressure injuries and incontinence. The CCI incorporates 19 diagnoses that are weighted according to the extent to which they are predictive of mortality [21, 22] . Pilot testing of the standardized data collection tool and data extraction was performed by the research team to ensure consistency and accuracy among data collectors (n = 4) and data extractors (n = 4). This process was informed by previous aged care research conducted by the research team [23] .
Medication Data
Medication data were extracted from each resident's medication chart. The medication name and route of administration were recorded. Polypharmacy was defined as the concurrent use of nine or more regular medications. This is the Victorian Government Department of Health and Human Services (DHHS) [24] definition and the most common definition of polypharmacy in LTCFs [3] . Using this definition, dietary supplements (including vitamin and mineral supplements, iron preparations and electrolyte solutions) and topical preparations (including lotions, creams and ointments) were excluded. Once-only, telephone orders, nurse-initiated medications, as-needed and short-term medications were also excluded. Different formulations of the same medication were counted as separate medications; however, if multiple strengths were charted, the medication was counted only once. Combination products containing more than one active ingredient were coded as a single item. Medication classes were classified according to the third level of the Anatomical Therapeutic Chemical (ATC) classification system, recommended by the World Health Organization (WHO) [25] .
Statistical Analysis
The prevalence of the ten most common regular medication classes for residents with and without polypharmacy was determined. For the primary analyses, descriptive statistics were used to summarize baseline characteristics of residents with and without polypharmacy across all 27 LTCFs. Logistic regression was used to obtain unadjusted and adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for the association between resident characteristics and polypharmacy. Analyses were adjusted for age, sex and CCI. For the secondary analyses, funnel plots were generated to illustrate the inter-facility variability (by number of occupied beds) in the prevalence of polypharmacy and the ten most prevalent medications classes among all residents. In the absence of a specific target rate for the prescribing of each of the most prevalent regular medication classes, control limits of 95 and 99.8% of the mean were chosen to represent the expected variation in the data. The characteristics of LTCFs were categorized into tertiles of low (\ 30%), moderate (30-49%) and high (C 50%) prevalence of polypharmacy and compared using descriptive statistics. All analyses were performed using R Statistical Software (version 3.2.0) [26] . 
Ethical Considerations
Results
Resident and Long-Term Care Facility (LTCF) Characteristics
Medical and medication records for 754 residents across 27 LTCFs (range 9-61 residents) were audited. The median age of residents with and without polypharmacy was 85 and 86 years, respectively. Demographic and clinical characteristics of residents by polypharmacy status are summarized in Table 1 . A total of 5622 regular medications were charted for residents at a mean ± standard deviation of 7. 
Characteristics of LTCFs with Low, Medium and High Polypharmacy Prevalence
Polypharmacy prevalence varied widely across facilities, from 0 to 89% (mean 40.3%). Facility characteristics at facilities with low, medium and high prevalence of polypharmacy are presented in Table 3 . Facilities with a high prevalence of polypharmacy (n = 10 facilities) were primarily from the one health service and had fewer than 20 occupied beds.
Variability in the Prevalence of Medications Contributing to Polypharmacy Across LTCFs
Antipsychotic prevalence varied from 0 to 95% (mean 31.6%), laxatives from 13 to 100% (mean 51.3%), The prevalence of polypharmacy and the top ten medication classes charted for all residents by the number of occupied beds in each facility are presented in Figs. 1 and 2. In total, 18 (67%) facilities fell within the 95 and 99.8% control limits. One facility was above the 99.8% control limit. The vast majority of facilities (74-96%) fell within the upper and lower 95% control limits of the mean for each medication class. Medication classes that exhibited the greatest variability from the mean and falling outside of the 95% control limits included drugs for constipation (n = 
Discussion
Main Findings
Residents with polypharmacy were more likely to be prescribed at least one analgesic such as paracetamol or an opioid, a laxative, antidepressant, antithrombotic agent, drug for peptic ulcer and GORD, diuretic, lipid-modifying agent and beta-blocking agent. Antipsychotic use was not associated with polypharmacy. Between 74 and 96% of LTCFs fell within the 95% control limits of the mean for each of the most prevalent medication classes. Facilities with a high prevalence of polypharmacy were primarily from the same health service, were smaller and had a higher prevalence of each medication class, with the exception of antipsychotics.
This study found 36% of residents were charted nine or more regular medications. In comparison, our Reported as percentages of facilities within each health service or categories of occupied beds Fig. 1 Funnel plot of the inter-facility variability, by number of occupied beds, in the prevalence of polypharmacy Fig. 2 Funnel plot of the inter-facility variability, by number of occupied beds, in the prevalence of the top ten most prevalent medication classes systematic review of the international literature found from 12.8 to 74.4% of residents in LTCFs receive nine or more medications [3] . The wide variability may reflect the inclusion or exclusion of as-needed medications, topical formulations and vitamins and herbal preparations. This poses challenges when comparing the prevalence of polypharmacy between studies [3] . Although polypharmacy is not synonymous with potentially inappropriate medication use, residents with polypharmacy are more likely to use potentially inappropriate medications [27] . Interventions targeting the reduction of unnecessary or inappropriate medication use, and subsequently polypharmacy, are likely to benefit residents in LTCFs.
Which Medications Contribute to Polypharmacy?
Diuretics, beta-blocking agents, antithrombotic agents (e.g. aspirin) and lipid-modifying agents (e.g. statins) were strongly associated with polypharmacy. This was consistent with the findings of Bronskill et al. [5] , who reported that five of the ten most prevalent medications in LTCFs were cardiovascular medications. Clinical practice guidelines provide limited guidance for the management of chronic disease among people with multimorbidity in the LTCF setting [28] . Polypharmacy may arise because clinicians extrapolate evidence from disease-specific research conducted among younger people in community settings. This is particularly the case for cardiovascular guidelines, which provide limited guidance for older people [29, 30] . Almost three-quarters (71.7%) of residents with polypharmacy were prescribed a medication for GORD, primarily proton-pump inhibitors (PPIs). Recent studies in the USA have found almost half of residents are prescribed a PPI without an evidence-based indication [31, 32] . This is a concern because frail older residents may be particularly susceptible to harms associated with the long-term use of PPIs, including fractures, pneumonia and vitamin and mineral deficiencies [33] . There is a need for regular review of PPIs in LTCFs with a view to cease treatment in residents without an ongoing therapeutic need [34] .
Residents with polypharmacy were less likely to have a dementia diagnosis or use antipsychotics. This was consistent with findings reported in a recent systematic review of polypharmacy in LTCFs, which found an inverse association between cognitive impairment and polypharmacy (three of four studies) [3] . Several studies have identified the need to avoid or discontinue medications that may impair cognition in people with coexisting cognitive impairment [35, 36] . The lower prevalence of polypharmacy among residents with dementia may reflect medication discontinuation or 'deprescribing' in residents with advanced dementia [37] . The high prevalence of swallowing difficulties among residents with dementia may provide an incentive for clinicians to discontinue unnecessary medications.
The high prevalence of analgesic use among residents with polypharmacy may reflect increased awareness that pain has been under-recognized and under-treated in LTCFs. The prevalence of pain may be as high as 80%, and this may explain the increasing use of analgesics over the last decade [38] [39] [40] . This study found 67% of all residents were charted paracetamol and 34% were charted an opioid regularly, which was consistent with other recent Australian studies [41, 42] but higher than reported internationally [39, 43] . Although the high prevalence of regular analgesic use suggests improved treatment of pain, its appropriateness is uncertain. Opioids were twice as prevalent among residents with polypharmacy as those without, and opioid use may necessitate co-prescribing of laxatives. The appropriateness of long-term opioid use in older people should be considered in light of potential harms, including falls and fractures, and limited evidence for safety and efficacy in frail older people [44] .
Over half (63.6%) of residents with polypharmacy were prescribed antidepressants; however, fewer than half (44.2%) of residents with polypharmacy had a documented diagnosis of depression. It is possible that antidepressants were prescribed for other indications, including pain or insomnia. In contrast to a previous study [45] , residents with polypharmacy in this study were less likely to be charted an antipsychotic. Antipsychotic use has been reported in up to one-third of residents with dementia in LTCFs [46, 47] . Polypharmacy was found to be inversely associated with dementia diagnosis in this study, which could partially explain the lower prevalence of antipsychotic use in residents with polypharmacy. In addition, the recognition of antipsychotic ADEs such as falls and mortality [48] , and the introduction of initiatives to minimize antipsychotic use in dementia may also contribute [49-51].
Variability of Medications Contributing to Polypharmacy Across LTCFs
A wide variation in the prevalence of polypharmacy and in all medications classes, with the exception of other analgesics and antipyretics, was reported across the 27 LTCFs. However, the majority of facilities had fewer than 40 beds, which may contribute to the wide variability in medications seen across facilities. The variability seen in medications often used for symptomatic relief, such as high-ceiling diuretics, is likely to reflect variability in the degree of disability between residents. There was greater facility-tofacility variation in the use of antipsychotics, ranging from no regular use to 95% in one facility. However, the LTCFs included in our project encompassed a mix of both general and psychogeriatric aged care services. In addition to prescriber variability, a number of facility-level factors, including facility type and staffing levels, have been found to be associated with variability in antipsychotic use in LTCFs [13] [14] [15] [16] . Between 7 and 23% of facilities fell outside the 95% control limits of the mean for the most prevalent medication classes, indicating inter-facility variability in the prescribing of these medications. The greatest variability between LTCFs was found for medications for constipation and antithrombotic agents, which were found to have 26 and 19% of facilities falling outside these control limits, respectively. Inter-facility variability in the prescribing of laxatives may be associated with differences in residents' level of disability and health status, including the ability to communicate their symptoms to staff [52] . Guidance for the use of antithrombotic agents, including the use of aspirin, is limited in older people and may require a risk versus benefit assessment in individual residents.
The facilities included in this study were relatively small, with ten facilities housing fewer than 15 residents. Facilities with a high prevalence of polypharmacy (defined as C 50%) primarily had fewer than 20 residents and were located within the same health service. Prescribing may have been performed by a small number of GPs or a single GP. The Victorian Government DHHS has identified a number of strategies to address polypharmacy, three of which are currently being implemented [53] . These include three new medication sub-indicators, creation of 'deprescribing scripts' to improve provider-resident communication about medication cessation, and optimizing the role of medication advisory committees.
Strengths and Limitations
It was a strength that data were obtained from all residents across 27 LTCFs in regional and rural Victoria, Australia, by trained members of the research team and nursing staff. Pilot testing of the standardized data collection tool and data extraction was performed by the research team to ensure consistency and accuracy among data collectors and extractors. Medical diagnoses were obtained from the clinical diagnoses recorded in each resident's medical records. Data obtained from medical records were dependent on complete and accurate recording by clinicians in the medical record, which may have been incomplete. We did not have access to information on individual residents' disease severity, goals of care or estimated life expectancy, which are important factors related to the pattern of prescribing in this setting.
The study was conducted in rural and regional areas and therefore the findings may not be generalizable to metropolitan settings. This study did not investigate prescriber-or facility-related (e.g. organizational culture) factors in addition to facility size, which may have contributed to the variability in polypharmacy across facilities. Additional studies are required to further explore resident-, prescriber-and facility factors that may have contributed to the variability in polypharmacy found across facilities. Funnel plots were created to account for facility size. The clinical appropriateness of polypharmacy and adherence to recommended clinical practice guidelines was not assessed in the present study and should be considered in future studies to determine whether interventions are needed to address polypharmacy. We could not determine whether the variability of polypharmacy across facilities in our study reflects suboptimal care. However, because common medications, both appropriate and potentially inappropriate, are more prevalent in residents with polypharmacy, it would be prudent to target individualized interventions to improve quality and safety to those facilities with unexplained rates of polypharmacy. Future research should focus on better understanding the risks associated with specific medications that are more prevalent in residents with polypharmacy. A recent case-control study reported that medications causing orthostatic hypotension, rather than polypharmacy itself, were associated with an increased risk of fall-related hospital admissions, although this risk was highest in residents with polypharmacy [54] . Longitudinal studies are needed to further explore the temporal change in medication use in LTCFs.
Conclusion
Polypharmacy is associated with a range of medications, including antithrombotic, beta-blocking and lipid-modifying agents, antidepressants, antipsychotics, analgesics, PPIs and high-ceiling diuretics. Up to 23% of facilities were found to have fallen outside the 95% control limits for the most prevalent medication classes. The majority of facilities in the study were small, which may have contributed to the wide variability in prescribing across facilities. Further studies are needed to investigate the clinical appropriateness of polypharmacy and the contribution of prescriberand facility-related factors to the prevalence of and variability in polypharmacy. Longitudinal studies are needed to further explore changes in medication use in LTCFs over time. 
